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Rapid redistribution of agricultural land alters avian richness, 
abundance, and functional diversity























in	agricultural	 land	use	are	 significant	drivers	of	biodiversity	 loss.	Within	 the	con‐
text	of	land‐sharing	versus	land‐sparing	debates,	large‐scale	commercial	agriculture	
is	 known	 to	 be	 detrimental	 to	 biodiversity,	 but	 the	 effects	 of	 small‐scale	 subsist‐
ence	 farming	 on	 biodiversity	 are	 disputed.	 This	 poses	 a	 problem	 for	 sustainable	





dance	 in	 newly	 farmed	 areas	 containing	 miombo	 woodland	 and	 open	 habitat.	
Conversion	of	seminatural	ranched	land	to	small‐scale	farms	had	a	negative	impact	
on	 larger‐bodied	 birds,	 but	 species	 richness	 increased,	 and	 birds	 in	 some	 feeding	
guilds	maintained	or	increased	abundance.	We	found	evidence	that	land‐use	change	
caused	a	shift	 in	 the	 functional	 traits	of	 the	communities	present.	However,	 func‐





ures	 of	 diversity,	 or	 abundance‐weighted	measures	 of	 function	 diversity,	may	ob‐
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Balmford,	 &	 Green,	 2011;	 Tscharntke	 et	 al.,	 2012).	 For	 instance,	





et	 al.,	 2011).	However,	 the	 environmental	 costs	 of	 agriculture	 are	
often	overlooked	and	the	impacts	on	functional	biodiversity	across	
farmed	 landscapes	are	often	poorly	understood	 (Tscharntke	et	al.,	




(for	 instance,	 smallholder‐farmed	 landscapes	 form	 the	 backbone	
of	 global	 food	 security	 (Samberg,	Gerber,	Ramankutty,	Herrero,	&	
West,	2016)).	These	analyses	also	fail	 to	account	for	regional	vari‐







agricultural	 commodities	and	 land	scarcity.	However,	 it	may	also	
be	 driven	 by	 policies	 designed	 to	 address	major	 societal	 issues,	





security,	 and	 food	 sovereignty	 (Clover	&	Eriksen,	 2009).	 Several	
countries	 in	 eastern,	 central,	 and	 southern	 Africa	 have	 imple‐
mented	 land	 tenure	 reform	 policies	 (Clover	&	 Eriksen,	 2009).	 In	
Namibia,	semiarid	savanna	redistributed	to	land	reform	beneficia‐
ries	 is	 often	 farmed	 in	 small	 units	 by	 settlers	with	 limited	 farm‐
ing	experience	(Lohmann,	Falk,	Geissler,	Blaum,	&	Jeltsch,	2014).	
Assessment	 of	 the	 ecological	 implications	 of	 Namibian	 land	 re‐
settlement	by	small‐scale	farmers	suggests	it	is	sustainable	in	the	









nities	 now	 engage	 in	 subsistence	 agriculture	 on	 marginal	 lands,	
creating	 new	 social,	 economic,	 and	 ecological	 challenges,	 such	




vancies	 and	 game	 farms	 (Degeorges	 &	 Reilly,	 2007).	 Zimbabwe	
may	 illustrate	an	example	of	national	policies	 resulting	 in	a	 shift	
from	 land	 sparing	 to	 land	 sharing,	 where	 the	 displacement	 of	
large‐scale	commercial	production	by	more	mixed	smallholder	ag‐








agriculture	 became	 widespread	 (Gaston,	 Blackburn,	 &	 Goldewijk,	
2003).	This	decline	is	strongest	in	intensively	farmed	areas	(Newton,	
2004).	Where	 forest	 is	 converted	 to	 agriculture,	 diverse	 or	 small‐
scale	 agricultural	 landscapes	may	help	 to	mitigate	 declines	 in	 tax‐
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2  | METHODS
2.1 | Study system and survey method
The	study	area	 is	 located	on	a	91,000‐ha	area	of	central	southern	
















mixed	 livestock	 and	 arable	 subsistence	 farming	 (farmed	 areas).	 At	





ranched	 areas,	 livestock	 are	 grazed	 through	 all	 habitat	 types,	 but	
feed	mainly	in	the	open	habitat	grasslands	and	fallow	fields.
Bird	surveys	were	carried	out	along	linear	transects,	which	were	








veyed:	23	 ranched	 (acacia	n	 =	5,	miombo	n	 =	7,	open	n	 =	11)	 and	
22	farmed	(acacia	n	=	5,	miombo	n	=	6,	open	n	=	11).	The	distances	
(mean;	SD;	closest)	between	ranched	and	farmed	sites	of	the	same	
habitat	 type	were	 as	 follows:	 acacia,	 (16.1;	 3.2;	 3.5)	 km;	miombo,	
(13.3;	1.8;	3.4)	km;	and	open,	(11.2;	1.1;	3.6)	km.
Bird	 surveys	 were	 carried	 out	 shortly	 after	 sunrise,	 or	 before	















and	 cattle	were	 also	 recorded	 as	 indicators	of	 the	 level	 of	 human	
activities.
2.2 | Data analyses: richness, density, and biomass
A	database	of	traits	was	compiled	using	data	from	publications	list‐
ing	the	relevant	Zimbabwean	subspecies	(Brown,	Urban,	&	Newman,	




seven	 traits	 for	 each	 species:	 five	 measurements	 of	 morphology	














species	 richness.	The	ecological	 significance	of	differences	 in	spe‐
cies	 richness	 between	 land	 uses	was	 assessed	 by	 comparing	 95%	
confidence	intervals	(CIs)	and	effect	sizes.
F I G U R E  1  Homesteads	in	the	resettled	lands	of	the	study	area	
in	central	southern	Zimbabwe.	Photo:	Ngoni	Chiweshe












species	 (i.e.,	 those	with	>60	detections);	and	 (e)	 rarer	species	 (<60	



























analyses	 adjusted	 for	missing	 data.	 Bray–Curtis	 residual	 distances	





















ture),	 and	nutrient	 recycling	 (e.g.,	 fecal	deposition).	Binary	 feeding	
guilds	were	each	assigned	a	1/5	weighting;	this	ensured	that	these	
traits	were	not	unduly	weighted	in	those	species	assigned	to	more	




calculations	 were	 performed	 using	 Gower's	 similarity	 function	 to	
allow	incorporation	of	trait	types	of	mixed	scales	(Podani	&	Schmera,	
2006).
The	functional	diversity	 (FD)	 index	 is	closely	related	to	species	
richness	(Petchey	&	Gaston,	2006)	and	does	not	fully	represent	the	

















While	 walking	 transects,	 we	 observed	 that	 farmed	 sites	 (n	 =	 22)	
showed	 substantially	 higher	 impacts	 from	 human	 use	 than	 those	
that	 were	 ranched	 (n	 =	 23).	 The	 following	 indications	 of	 impact	
are	 for	 all	 habitats	 combined:	 higher	 numbers	 of	 people	 (totals	 of	
193	 vs.	 10	on	 all	 farmed	 sites	 and	 all	 ranched	 sites,	 respectively);	
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achieved.	The	potential	ecological	 significance	of	changes	 in	SR	 in	
relation	 to	 land	 use	was	 assessed	 in	 terms	of	 95%	CIs	 and	where	
effect	sizes	>	1	(Figure	4).	Species	richness	estimates	indicated	that,	
in	austral	winter,	open	habitats	in	the	farmed	land	held	significantly	









migrants	 showed	 a	 significant	 preference	 for	 ranched,	 compared	
with	 farmed,	 open	 habitat	 in	 summer.	 Palaearctic	 migrants	 were	
present	only	in	summer;	these	birds	showed	no	land‐use	affinities.
In	general,	densities	stratified	by	primary	feeding	guild	(Table	2)	
were	maintained	 or	 increased	 in	 farmed	 land	 that	 had	 previously	
been	ranched.	This	was	observed	for	granivores	and	insectivores	in	






ences	 in	 population	 densities	 of	 larger	 birds	 being	 a	major	 factor	
(Table	 3).	 Despite	 being	 present	 in	 relatively	 low	 numbers	 (which	




No	 breeding	 colonies,	 or	 roosts,	 of	 any	 bird	 species	were	 en‐
countered	in	our	transect	counts.	With	the	exception	of	Red‐billed	
Quelea	Quelea quelea,	no	other	species	recorded	in	our	counts	oc‐
curred	 in	 large	 flocks	 (>30	 individuals).	 Even	 in	 this	 species,	 only	
164	 individuals	were	 counted	across	 all	 transects	 in	both	 seasons	
combined.	 Of	 the	 179	 bird	 species	 recorded,	 32	 were	 present	 in	
large	enough	numbers	 (>60	individuals)	to	permit	analyses	of	pop‐
ulation	 density	 differences	 by	 land‐use	 category	 at	 species	 level	
(Figure	 5).	 These	 common	 birds	 represented	 67.6%	 of	 the	 total	
number	of	individuals	counted.	Fourteen	species	occurred	at	higher	
densities	(effect	sizes	>	1)	in	farmed	sites,	five	species	showed	the	














































































































































































































































































































































































































































































































































































































































































































































Nonmetric	 ordination	 plots	 show	 distinct	 groupings	 of	 sites	
when	 stratified	 by	 land	 use,	 suggesting	 dissimilarities	 between	
avian	assemblages	present	on	farmed	and	ranched	land	(Figure	7).	
ANOSIM	tests	confirm	that	 these	differences	 in	 the	bird	commu‐
nities	were	significant	 in	all	habitats	combined	 (top	 left,	R	=	 .069,	
p	=	.036),	in	miombo	woodland	(bottom	left,	R	=	.156,	p	=	.042),	and	




the	 differential	 impact	 of	 land	 transformation	 on	 avian	 commu‐
nities	 in	 acacia	 woodland	 compared	 with	miombo	woodland	 and	
open	habitats.	Whereas	the	abundance	of	frugivores,	insectivores,	
nectarivores,	and	omnivores	 in	miombo	and	open	areas	 increased	
in	 farmed	 land,	 the	 reverse	 was	 true	 of	 acacia	 woodland	 birds.	
However,	R‐statistic	values	(.056–.223)	are	low,	indicating	relatively	
even	dissimilarities	within	and	between	the	land	uses	(Clarke,	1993).





creased),	 and	 evenness	 (increased),	 of	 bird	 traits	 in	 farmed	 acacia	
woodland	that	had	previously	been	ranched.	There	are	also	weaker	
indications	(ES	<	1)	of	change	in	the	divergence	of	traits	in	birds	re‐
corded	 in	 farmed	 acacia	woodlands	 (increased)	 and	open	habitats	
(decreased),	compared	with	those	ranched	habitats.
4  | DISCUSSION
Land‐use	change,	 sometimes	driven	by	 land	 reform	programs,	 can	
have	substantial	impacts	on	biodiversity	(Chappell	et	al.,	2013).	We	
found	 significant	 changes	 (as	 indicated	by	 effect	 sizes)	 in	 the	bird	
communities	 in	 an	area	where	 land	previously	used	 for	 cattle	 and	
wildlife	grazing	was	converted	to	arable	and	mixed	livestock	farm‐




able	 areas	 and	grasslands),	 and	 in	miombo	woodlands,	 there	were	
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sites;	however,	ranched,	not	farmed,	acacia	woodlands	hosted	more	
species	in	winter.
The	 introduction	 of	 smallholder	 mixed	 farming	 to	 previously	
ranched	 land	may	have	 increased	the	complexity	of	 the	 landscape	
at	 a	 spatial	 scale	 that	 benefits	most	 bird	 species.	 High	 landscape	
complexity	 in	 African	 agroecosystems	 can	 maintain	 species'	 den‐







tural	matrix.	However,	agricultural	yields	are	 likely	 to	be	 low	com‐
pared	to	conventional	practices,	potentially	meaning	that	more	land	
would	be	required	for	the	same	amount	of	commodity	production.
TA B L E  3  Estimated	avian	biomass	for	winter	and	summer	combined,	categorized	by	primary	feeding	guild,	habitat	and	land	use,	based	on	
counts	corrected	for	detection	probabilities
 
Acacia woodland Miombo woodland Open habitat
Major factors determining 
change in biomassRanched Farmed Ranched Farmed Ranched Farmed
Frugivore	(n) 163 153 70 81 145 206  
Frugivore	bio‐
mass	(g/ha)
94.8 118.1 45.4 41.1 37.0 48.0  
Frugivore	bio‐
mass	(95%	CI)
81.7–110.1 103.1–135.3 33.1–62.9 30.6–56.8 30.2–46.2 40.4–57.8  
Effect	size 2.81 0.50 2.27  
Granivore	(n) 122 213 66 157 224 569  
Granivore	bio‐
mass	(g/ha)




33.3–49.4 61.9–87.6 23.1–48.9 35.3–75.8 31.6–59.0 51.6–71.0  
Effect	size 5.44 1.68 2.47  
Insectivore	(n) 493 432 314 316 853 1,022  
Insectivore	bio‐
mass	(g/ha)




118.9–189.1 115.9–167.7 44.5–78.8 53.3–91.3 81.4–112.7 102.0–162.0  
Effect	size 0.36 0.85 1.92  
Nectarivore	(n) 24 19 31 17 20 26  
Nectarivore	bio‐
mass	(g/ha)
2.0 2.1 1.7 1.2 0.6 0.9  
Nectarivore	bio‐
mass	(95%	CI)
1.8–2.3 1.9–2.4 1.5–2.0 1.0–1.4 0.5–0.7 0.8–1.0  
Effect	size 0.65 3.78 5.88  








592.1–895.7 48.3–63.7 33.9–67.1 32.8–61.4 103.8–115.0 39.2–53.7  
Effect	size 10.59 0.34 16.21  










23.3–74.7 28.7–28.7 52.1–91.6 No	Black‐headed	Heron,	
secretarybird‡‡
Effect	size na 15.83 4.98  
Note: Effect	size	(ES)	values	for	each	feeding	guild	are	calculated	for	avian	biomasses	in	the	same	habitat	type,	but	different	land	uses.	Values	that	
may	indicate	ecologically	significant	differences	in	densities	are	highlighted	(blue,	ES	=	0.8–1.0;	red,	ES	>	1.0).











showed	 that	 there	was	 a	 different	 association	 of	 guilds	 following	
land‐use	 change	 in	 acacia	 woodland	 bird	 communities,	 compared	
with	 other	 habitats	 (Figure	 6).	 The	 differential	 impact	 of	 land‐use	
change	on	acacia	woodland	birds	was	also	highlighted	by	the	func‐
tional	 traits'	 analyses.	 Effect	 sizes	 indicate	 that	 changes	 in	 possi‐
ble	 ecological	 significance	 occurred	 in	 the	 diversity	 and	 evenness	
of	 their	 traits,	with	a	 smaller	 effect	 in	 traits'	 divergence.	This	was	






and	 Bateleur	 Terathopius ecaudatus	 and	 Kori	 Bustard	 (both	 Near	
Threatened)	are	all	of	conservation	concern	(IUCN,	2017).	Numbers	
of	these	three	species	were	low,	so	evidence	for	population	change	
was	weak.	 The	 reduction	 in	 large	 bird	 species	 in	 the	 farmed	 sites	
echoes	similar	widespread	declines	across	the	tropics	and	in	Africa	
(Newbold	 et	 al.,	 2013).	 Drivers	 of	 these	 declines	 include	 hunting	








weighted	 analyses	 of	 community	 function.	 For	 example,	 one	male	
Kori	Bustard	weighs	approximately	as	much	as	1,500	Yellow‐fronted	
Canaries,	 the	 species	 that	 benefited	 most	 in	 terms	 of	 increased	
population	 density	 in	 sites	 that	were	 transformed	 to	 farming.	We	
found	that	the	biomass	of	different	feeding	guilds	differed	in	farmed	
areas	and	ranched	areas,	something	which	might	impact	ecosystem	
function	 (Şekercioğlu,	 2006).	 For	 example,	 omnivores	 were	 most	
negatively	affected	by	land‐use	change,	with	reduced	or	absent	pop‐
ulations	of	four	species,	namely	Swainson's	Spurfowl	Pternistis swain‐
sonii,	 Helmeted	 Guineafowl	 Numida meleagris,	 Shelley's	 Francolin	
Scleroptila shelleyi,	and	Kori	Bustard.	All	of	these	species	have	varied	
diets,	which	 include	 the	seeds	of	 indigenous	plants,	weeds	and	pi‐
oneer	 grasses,	 and	 some	crop	pests,	 such	 as	 locusts	 (Urban	et	 al.,	
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it	has	an	iconic	status	in	African	culture.	White‐backed	Vulture	and	










Despite	 the	 loss	 of	 large	 species	 of	 potentially	 high	 func‐
tional	 and	 cultural	 value,	 the	 effects	 of	 land‐use	 change	 from	
land	redistribution	on	bird	communities	appear	 less	severe	than	
elsewhere	in	Africa.	For	example,	agricultural	lands	bordering	the	
Serengeti	 reserve	 had	 greatly	 reduced	 avian	 species	 richness,	







however,	 the	 protected	 area	 is	 a	 wildlife	 conservation	 reserve,	
not	a	ranched	area	for	livestock	and	game	animals.	Major	differ‐
ences	in	methodologies	used	in	the	two	studies	could	account	for	






















































































Stress = 0.17 Stress = 0.16
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higher	abundances	of	smaller	inconspicuous	birds	in	our	surveys	
(entirely	walked	transects	 in	our	study	vs.	driven	transects	with	












Dallimer,	 &	 Gaston,	 2011).	 However,	 the	 redistributed	 lands	 in	
this	 Zimbabwean	 case	 study	 are	 dynamic	 and	 young,	 with	 rel‐
atively	 low	 human	 population	 density.	 Conservation	 of	 the	 ex‐





























of	 biodiversity‐friendly	 agricultural	 practices	 through	 evidence‐
based	 prioritization,	 it	 is	 essential	 to	 quantify	 the	 relationships	
between	 farming,	 land	 management	 practices,	 and	 biodiversity.	
Similarly,	 we	must	 recognize	 the	 central	 role	 that	 improving	 in‐
come	 and	 yields	 has	 in	 a	 small‐scale	 farming	 setting	 across	 the	
developing	 world.	 Here,	 we	 provide	 an	 insight	 into	 how	 avian	
abundance	and	diversity	differs	between	newly	established	small‐





Fieldwork	 was	 funded	 by	 a	 grant	 from	 the	 Rufford	 Small	 Grants	
Foundation	(No.	109151‐1	from	the	Rufford	Small	Grant	for	Nature	




Acacia woodland Miombo woodland Open habitat
Ranched Farmed Ranched Farmed Ranched Farmed
Functional	
diversity	(FD)
0.739 0.409 0.810 0.755 0.429 0.419
SD 0.188 0.152 0.206 0.209 0.114 0.199
Effect	size 1.93 0.27 0.06
Functional	diver‐
gence	(Fdiv)
0.695 0.719 0.689 0.701 0.708 0.660
SD 0.033 0.022 0.056 0.032 0.062 0.042
Effect	size 0.86 0.26 0.91
Functional	even‐
ness	(Feve)
0.470 0.544 0.544 0.539 0.535 0.488
SD 0.070 0.036 0.045 0.063 0.061 0.062
Effect	size 1.33 0.09 0.76
Note: Effect	sizes	that	may	indicate	ecologically	significant	differences	in	the	distribution	of	traits	
within	the	bird	communities	are	highlighted	(blue,	ES	=	0.8–1.0;	red,	ES	>	1.0).
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